Most of the biological functions related to pathogenicity and virulence reside in the fungal cell wall, which, being the outermost part of the cell, mediates the host-fungus interplay. For these reasons much effort has focused on the discovery of useful inhibitors of cell wall glucan, chitin, and mannoprotein biosynthesis. In the absence of a wide-spectrum, safe, and potent antifungal agent, a new strategy for antifungal therapy is directed towards the development of monoclonal antibodies (MAbs). In the present study the MAb A9 (immunoglobulin G1 [IgG1]) was identified from hybridomas raised in BALB/c mice immunized with cell wall antigen of Aspergillus fumigatus. The immunoreactive epitopes for this IgG1 MAb appeared to be associated with a peptide moiety, and indirect immunofluorescence microscopy revealed its binding to the cell wall surface of hyphae as well as with swollen conidia. MAb A9 inhibited hyphal development as observed by MTT [3-(4,5-dimethythiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay (25.76%), reduced the duration of spore germination, and exerted an in vitro cidal effect against Aspergillus fumigatus. The in vivo protective efficacy of MAb A9 was also evaluated in a murine model of invasive aspergillosis, where a reduction in CFU (>4 log 10 units) was observed in kidney tissue of BALB/c mice challenged with A. fumigatus (2 ؋ 10 5 CFU/ml) and where enhanced mean survival times (19.5 days) compared to the control (7.1 days) and an irrelevant MAb (6.1 days) were also observed.
Invasive aspergillosis is a serious opportunistic fungal infection caused by an ubiquitous saprophyte, Aspergillus fumigatus, in immunocompromised hosts, including patients with AIDS and patients undergoing antineoplastic chemotherapy and organ transplantation (9, 36, 41) . The presently available antifungal drugs have been targeted mainly to the inhibition of ergosterol synthesis (14) . However, there are a few antifungals, such as echinocandins and glycolipid papulacandin, with which inhibition of cell wall glucan biosynthesis leads to cessation of growth and cell lysis (21) . Most of the biological functions related to pathogenicity and virulence reside in the fungal cell wall, which, being the outermost part of the cell, mediates the host-fungus interplay (7) . This includes triggering and modulation of host immune responses. The identification and characterization of cell wall immunodominant proteins eliciting potent immune responses during aspergillosis could have important repercussions for developing novel diagnostic, prophylactic, and therapeutic techniques for aspergillosis. For these reasons much effort has focused on the discovery of useful inhibitors of cell wall glucan, chitin, and mannoprotein biosynthesis. In the absence of a wide-spectrum, safe, and potent antifungal agent, a new strategy for antifungal therapy is directed towards the development of monoclonal antibodies (MAbs).
MAbs have served as useful research tools and have dramatically improved the specificity of immune procedures. Some of the many applications of MAbs are immunochemical characterization and purification of bacterial, fungal, or viral antigens; localization of viral and fungal glycoproteins; and development of antibody and antigen detection assays (5, 10) . A number of studies on MAbs against Aspergillus antigens have been directed towards the specific diagnosis of the disease (11, 13, 18, 38) , whereas very limited work has been carried out on the use of MAbs for the treatment of aspergillosis (6, 30) compared to candidiasis (4, 16, 17, 27, 31, 37) . Here we report the generation of an immunoglobulin G1 (IgG1) MAb against cell wall glycoprotein of A. fumigatus, its characterization, and the therapeutic potential in vitro. This MAb, when evaluated against a murine model of aspergillosis, also caused an increase in the mean survival time (MST) and reduced the fungal load in the kidneys of experimental mice.
MATERIALS AND METHODS
Fungal cultures. Aspergillus fumigatus, an isolate from a case of human aspergillosis, was used for generating MAbs, and the other pathogenic fungal strains used for cross-reactivity tests were Aspergillus flavus, Aspergillus niger DSM 2182, Aspergillus terreus DSM 826, Candida albicans ATCC 10231, Candida krusei ATCC 6258, Candida parapsilosis ATCC 22019, Cryptococcus neoformans ATCC 66031, Sporothrix schenckii, and Trichophyton mentagrophytes. The species-level identities of most of the isolates were confirmed by amplification of the internal transcribed spacer regions of these fungi (19) . All these fungi were maintained at 28°C on Sabouraud's dextrose agar (SDA) slants.
Collection of sera from cases of human aspergillosis. Sera of nine patients with suspected cases of aspergillosis (six bronchopulmonary and three invasive cases) were collected from patients visiting local hospitals, confirmed by enzymelinked immunosorbent assay (ELISA), and pooled for identification of immunogenic proteins of A. fumigatus. Prior institutional approval for working with human subjects was obtained.
Preparation of cell wall antigen.
A. fumigatus mycelia were harvested from 5 -day-old shake cultures (in Sabouraud's dextrose broth at 300 rpm) and washed thoroughly with chilled, autoclaved triple-distilled water. The wet mass was immediately frozen and kept at Ϫ80°C until used. Frozen mycelia were thawed and mixed with lysis buffer (100 mM Tris-HCl, pH 7.5) containing 1 mM EDTA, 5 mM dithiothreitol, 1 mM freshly prepared phenylmethylsulfonyl fluoride, and 5 g/ml of pepstatin A. The mycelia in this mixture were disrupted in a Bead Beater (Hamilton Beach/Proctor-Silex, Inc.) with acid-washed glass beads (0.5 m), maintaining the temperature below 4°C. After 15 to 20 cycles of 30 s each followed by a pause of 3 min, complete breakage was monitored under phasecontrast microscopy. The broken mycelia were centrifuged at 5,000 ϫ g at 4°C, and the cell wall pellet was boiled in extraction buffer containing 40 mM ␤-mercaptoethanol, 50 mM EDTA, 50 mM Tris-HCl, and 2% (wt/vol) sodium dodecyl sulfate (SDS). The resultant mixture was again centrifuged at 5,000 ϫ g for 5 min, and the collected supernatant was stored at Ϫ80°C. Protein content in the supernatant was quantified by the method of Lowry et. al (24) . All chemicals used in the present study were purchased from Sigma Chemical Co. unless otherwise mentioned.
Monoclonal antibody generation. (i) Immunization of mice.
Female BALB/c mice (6 to 8 weeks old) were immunized subcutaneously with 100 l of cell wall antigen preparation in Freund's complete adjuvant (1:1), followed by five doses (on days 7, 14, 21, 28, and 37) of the same cell wall preparation in saline with incomplete Freund's adjuvant. A booster dose of the antigen in saline was injected intravenously 3 days prior to fusion experiments. Prior clearance from the local animal ethics committee was obtained.
(ii) Fusion procedure. Fusion of the splenocytes from immunized mice with the Sp2/O myeloma cell line at a ratio of 1:2 was performed in 50% polyethylene glycol. This suspension was then mixed with RPMI 1640-HEPES modified medium supplemented with 10% fetal bovine serum and 1ϫ antimycotic and antibacterial solution and dispensed in 96-well tissue culture plates (Greiner; Bio One GmbH). The plates were incubated in an incubator at 37°C in a 5% CO 2 atmosphere. Screening for positive hybridoma selection was done by ELISA after 7 days of incubation when the clones started looking like a bunch of grapes. Positive hybrids were immediately subcloned thrice by limiting dilution and cryopreserved. Larger amounts of antibodies were produced in serum-free medium, precipitated with 50% ammonium sulfate, dialyzed against Dulbecco's phosphate-buffered saline (DPBS), and stored at Ϫ80°C. The protein content of the MAb A9 preparation was quantified with a 2D Quant protein estimation kit (Amersham), and the percentage of immunoglobulin was determined in a protein gel by using Quantity 1 software (Bio-Rad).
ELISA. ELISA was used for the screening of the hybridomas. Briefly, each well of microtiter plates (Greiner; Bio One GmbH) was coated with 100 l of cell wall antigens of A. fumigatus adjusted to a concentration of 15 g/ml in 0.6 M bicarbonate buffer, pH 9.6, and incubated overnight at 4°C. Wells were blocked by treatment with 200 l of phosphate-buffered saline (PBS) containing 1% (wt/vol) bovine serum albumin for 90 min at 37°C. Supernatant from wells with growing hybridomas was then added to the blocked plates (100 l per well) and incubated for 90 min at 37°C. Plates were washed with PBS-Tween 20 and incubated with peroxidase-conjugated anti-mouse immunoglobulin G (IgG) diluted 1:5,000 in PBS-Tween 20 for 90 min at 37°C. After washing, 100 l of substrate containing 0.05% (wt/vol) ortho-phenylenediamine dihydrochloride and 0.03% (vol/vol) H 2 O 2 in 0.15 M phosphate citrate buffer (pH 5.0) was added to each well, and the plates were incubated in dark at room temperature for 30 min. The reaction was stopped with 50 l of 1 N H 2 SO 4 , and optical densities were read on a microtiter plate reader (Molecular Devices) at 450 nm.
SDS-PAGE and Western blotting. Cell wall proteins of the different fungi used in this study were extracted as described above, and SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was performed by the method of Laemmli (20) in a minigel system. The total amount of protein loaded per lane was 15 to 20 g for each cell wall extract. Electrophoresis was carried out in 12% (wt/vol) acrylamide gels at 160 V for 90 min. Standard molecular weight markers were also run simultaneously. Subsequently, the proteins in the gel were either stained with Coomassie brilliant blue or electrotransferred onto polyvinylidene difluoride (PVDF) membranes (39). The PVDF membranes were then probed using supernatants of ELISA-positive hybridomas (clones A1 to A11) for specificity and cross-reactivity of MAbs. After the transfer, the membranes were washed in Tris-buffered saline and incubated with 1:20 dilutions of MAbs A1 to A11. After washing, they were incubated with peroxidase-conjugated anti-mouse IgG. Immunoreactive bands were developed with a substrate solution of diaminobenzidine.
Isotyping of MAb A9. The isotype of the selected MAb A9 was determined with a monoclonal isotyping kit (Sigma Co.) according to the manufacturer's instructions.
Determination of nature of protein.
To determine the nature of the protein recognized by MAb A9, the removal of carbohydrate groups from cell wall antigens of A. fumigatus was accomplished by oxidation with sodium metaperiodate on a PVDF membrane. The cell wall antigens electrotransferred onto PVDF after SDS-PAGE were treated with 0.05 M sodium meta-periodate in 0.05 M acetate buffer (pH 4.5) for 18 h at 4°C. The PVDF strips were then washed with acetate buffer, and the reactive groups were blocked with 1% glycine in the same buffer (27) . For glycoprotein detection, the SDS-polyacrylamide gel of A. fumigatus cell wall antigen was directly stained with periodic acid-Schiff stain (PAS) according to the method of Leach et al. (22) .
Biological activity of MAb A9. (i) In vitro inhibitory activity. The cidal activity of MAb A9 against all the fungi included in this study was determined by the method of Magliani et al. (25) with minor modifications. Briefly, 1 ϫ 10 3 spores of A. fumigatus were incubated with 100 l of MAb A9 (50 g) for 18 h at 37°C. An irrelevant monoclonal IgG raised against C. albicans in our lab in a separate fusion experiment was used as a control. After incubation with MAb A9, the CFU were determined by plating 50 l of this suspension on SDA at 35°C.
(ii) Cell viability assay by FACS. Spores of A. fumigatus were collected and, after washing, suspended in DPBS at a cell density of 1 ϫ 10 6 cells/ml. Graded amounts (50, 100, 200, and 400 g) of MAb A9 in 1-ml aliquots of this cell suspension were incubated for 18 h at 37°C. Irrelevant antibody (50 g/ml) and PBS alone were simultaneously used as controls. After incubation, 2 l of propidium iodide (1 mg/ml in water) and 10 l of fluorescein diacetate (5 mg/ml in acetone diluted 1:20 in DPBS) were added, and the mixture was stored on ice for not more than 30 min before analysis on a flow cytometer (Becton Dickinson). In another experiment, the optimum amount of MAb A9 (400 g) was treated with papain to cleave the Fc part and subjected to fluorescence-activated cell sorter (FACS) analysis with A. fumigatus spores as described above to subtract the amount of cell death due to agglutination, if any (33) . Data presented are the averages from three experiments.
(iii) Germination assay. The germination assay was performed by a previously described method with minor modifications (26) . Ten microliters of A. fumigatus conidia (1 ϫ 10 5 /ml) in RPMI 1640 was incubated in polypropylene tubes at 37°C with gentle shaking in the presence of 50 g of MAb A9. At regular intervals of 30 min, aliquots were removed and germinated conidia were counted by using a hemocytometer. An irrelevant IgG MAb at the same concentration served as a control. A total of 100 germinated conidia per field were counted, and the mean value of three independent counts was calculated. Percent germination was calculated as germinated conidia/total counted cells ϫ 100.
(iv) MTT assay for hyphal damage. A colorimetric 3-(4,5-dimethythiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) reduction assay (23) was employed to study Aspergillus hyphal damage caused by MAb A9. Briefly, 200 l of a suspension of swollen conidia at a concentration of 5 ϫ 10 4 cells/ml in RPMI 1640 was incubated with 200 l of MAb A9 (50 g) in a 48-well tissue culture plate overnight at 37°C in an incubator having an atmosphere of 5% CO 2 . After centrifugation at 500 ϫ g for 10 min, the supernatant were checked for the absence of fungal cells and discarded. MTT (200 l) at a concentration of 0.05 mg/ml in RPMI 1640 was added to each well and incubated further for 3 h. The wells were then aspirated dry, 200 l of dimethyl sulfoxide was used to extract the dye from each well, volumes of 100 l were transferred into the wells of a 96-well plate, and the color was measured on a microplate reader (Molecular Devices) at 550 nm. A well containing only dimethyl sulfoxide served as a blank, a well containing only swollen conidia served as a positive control, while wells containing swollen conidia and irrelevant monoclonal IgG served as negative controls. Antifungal activity (percentage of hyphal damage) was calculated as (1 Ϫ T/C) ϫ 100, where T is the optical density of test wells at 3 h and C is the optical density of control wells containing hyphae only. Each set of conditions was tested in triplicate, and the results were averaged.
(v) Immunofluorescence. Conidia of A. fumigatus grown on SDA slants were collected, washed, and suspended in PBS (10 5 cells/ml). Ten microliters of this was placed on glass slides coated with poly-L-lysine, dried at 37°C, and incubated with 10 l (25 g) of MAb A9 for 1 h at 37°C in a moist chamber. The slides were washed with PBS and incubated with fluorescein isothiocyanate-conjugated goat anti-mouse IgG (1:200) in PBS-Tween 20 at 37°C in a moist chamber. The slides were then washed twice in PBS, mounted in PBS containing 90% glycerol, and examined under a fluorescence microscope.
(vi) Phagocytic assay. Mouse macrophages (J 774) grown in RPMI 1640 medium supplemented with 10% FBS without antibiotic and antimycotic agents were seeded (1 ϫ 10 6 /well) in a six-well tissue culture plate and allowed to adhere for at least 3 h at 37°C in a 5% CO 2 atmosphere. MAb A9-treated conidia were cocultured with macrophages at a 2:1 ratio in the same environment for 30 min. For complement inactivation, the FBS used in the medium and the MAb A9 solution were heated at 56°C for 30 min with occasional swirling and chilled to 4°C for few minutes. Macrophages were cultured in this medium, and phagocytosis assay was performed as described above. A control experiment was performed to assess phagocytosis without MAb A9 treatment of conidia. Cells were washed with PBS and Giemsa stained to count the number of phagocytosed A. fumigatus conidia.
(vii) In vivo evaluation of MAb A9 in mice. The protective role of MAb A9 was determined in experimental BALB/c mice. The dose was selected on the basis of the optimum concentration at which MAb A9 exerted the maximum in vitro inhibitory effect. A. fumigatus conidia (1 ϫ 10 3 cells) were incubated overnight at 37°C with 100 l of MAb A9 (12.5 g, 25 g, and 50 g), and CFU were determined by plating. A 50-g amount of MAb A9 was selected because it showed the maximum cidal effect. Four groups of 10 mice each were taken, where the first three were given intravenous prophylactic doses of MAb A9, irrelevant IgG, and PBS, respectively, 2 h before intravenous challenge with A. fumigatus spores (2 ϫ 10 5 spore per mouse) and the fourth group, without any treatment, served as a control. The animals were observed daily for morbidity and mortality, and the MST was calculated after 26 days. To evaluate the effect of MAb A9 on fungal load in kidney tissue, another set of infected mice were sacrificed 7 days postinoculation and the CFU in tissue homogenates were determined by the dilution-and-plating method.
RESULTS
A total of 11 hybridomas producing monoclonal antibodies against cell wall proteins of A. fumigatus were obtained through ELISA. These hybridomas were subcloned for three generations to determine their antibody-producing capacity and stability. The indirect immunofluorescence study revealed that only MAb A9 had a capacity to bind with both hyphae and swollen conidia (Fig. 1) . Further, MAb A9 exhibited high reactivity on Western blots probed with rabbit hyperimmune serum as well as pooled sera from human aspergillosis. Therefore, further studies were undertaken with this MAb. The percentage of MAb A9 determined by in-gel analysis was found to be 68%. This was taken into consideration for further experiments.
Periodate oxidation of a cell wall extract of A. fumigatus on a PVDF membrane resulted in reduction of carbohydrate residue of the glycoproteins, and sharp bands appeared. The protein binding with MAb A9 had a molecular mass of Ͼ95 kDa and was identified as a glycoprotein (Fig. 2) . This confirmed that the epitope recognized by MAb A9 was proteinaceous in nature. The isotype of this monoclonal antibody was found to be IgG1 as determined with a monoclonal isotyping kit. This MAb was found to be specific against the species of aspergilli used in this study (Fig. 3) , as it did not cross-react with the cell wall proteins of other human-pathogenic fungi (Candida albicans ATCC 10231, C. krusei, C. parapsilosis
ATCC 22019, Cryptococcus neoformans ATCC 66031, Sporothrix schenckii, and Trichophyton mentagrophytes).
MAb A9 exhibited a potent cidal activity against all four species of Aspergillus, as significant reductions in the number of CFU compared to controls (without any MAb) as well as with an irrelevant MAb were observed. The optimum dose of MAb A9 was found to be 50 g, where it caused 94.8% reduction in CFU (P Ͻ 0.0001) of A. fumigatus (Fig. 4) . The reductions in CFU for other MAbs (from the remaining hybridoma lines) were found to be only between 11 and 16% (data not shown). To confirm the fungicidal activity of MAb A9, conidia of A. fumigatus were incubated in presence of antibody for 18 h and stained with propidium iodide and fluorescein diacetate. The dead cells were stained with propidium iodide, while fluorescein diacetate stained both live and dead cells. More than 33% of cells were found dead at 50 mg/ml of MAb A9, while treatment with irrelevant antibody caused 14.3% death at same concentration. A dose-dependent death of A. fumigatus conidia due to MAb A9 occurred, where a maximum of 60% cell death was observed at a concentration of 400 g/ml of MAb A9 (Fig. 5) . The negative controls (DPBS treated) did not show any effect. Further, the FACS analysis of papaintreated MAb showed 59% death of A. fumigatus spores, indicating that fungal cell death was not due to agglutination (Fig.  5) . The fungicidal activity of MAb A9 was also confirmed by MTT reduction assay, where 25.76% (P Ͻ 0.003) hyphal damage was observed compared to the control and to treatment with an irrelevant MAb. Swollen conidia were used for in vitro testing of germination of A. fumigatus against MAb A9. Since the growth was defined on the basis of visible mycelium formation, conidia should germinate and produce sporelings for monitoring of the growth inhibition and fungicidal activity of MAb. The germination of swollen conidia at 37°C in RPMI 1640 was achieved in a multistep process. During the initial 30 min of incubation, germination occurred only in control and irrelevant MAbtreated conidia. Treatment with MAb A9 resulted in a delay in this process, and only 16% germination was observed after 4 h of incubation, compared to 42% germination for both controls (Fig. 6) . Compared to the control, phagocytosis of A. fumigatus conidia was enhanced by coincubation of conidia with MAb A9 (Fig. 6) . Further, conidia treated with MAb A9 and coincubated with macrophages did not show a change in phagocytosis, thereby indicating that MAb A9 was independent of complement (Fig. 7) .
In vivo, MAb A9 exhibited good antifungal activity in a murine model of aspergillosis. A reduction in CFU of more than 4 log 10 units was observed in kidney tissue of experimental mice compared to controls (Fig. 8) . Because of these results, another experiment was carried out to see the effect of MAb A9 on the survival of experimental mice infected with A. fumigatus. The MST of mice was calculated on the basis of observations made up to 26 days. A significant increase in the MST of mice treated with MAb A9 (19.5 days) compared to control mice (7.1 days) and mice treated with an irrelevant MAb IgG (6.1 days) was observed (Fig. 9 ).
DISCUSSION
Two fungal pathogens for which the role of antibody has been extensively studied are Candida albicans and Cryptococcus neoformans (2) . Candidacidal antibodies against C. albicans have been reported, where the target was located in the cell wall of Candida (15, 27, 32) . Recently a humanized MAb directed against heat shock protein (HSP90) has entered clinical trials for the treatment of candidiasis. This antibody also has its target in the cell wall of C. albicans. Thus, it has been proposed that selective antibodies directed against specific epitopes may be protective against local and systemic infection and may form the basis for immunotherapy. The protective efficacy of MAbs to C. neoformans depends on the isotype (29, 42) . The importance of isotype in protection was established when an IgG3 antibody was converted from a nonprotective antibody into a protective antibody by isotype switching to IgG1 (42) . The efficacy of the murine isotypes in prolonging survival in mice was IgG1 Ͼ IgA and IgM Ͼ IgG3 (29) . In the present study, MAb A9, which is IgG1 and was generated 3 ) were incubated at 37°C with 50 mg of MAb A9 in 100 l RPMI 1640. At selected time intervals, percent germination was calculated. A total of 100 conidia per field were counted at a magnification of ϫ400, and the mean value from three independent experiments was calculated. }, control; ■, irrelevant IgG; OE, MAb A9. against cell wall glycoprotein of A. fumigatus, showed promising results in vitro as well as in vivo. MAb A9 has the agglutinating property, but the protection against A. fumigatus was not due to agglutination as indicated by the FACS analysis, where about 60% cell death was observed. In the case of C. neoformans, it has been proved that antibody-mediated agglutination is insufficient for protection against C. neoformans (28).
MAb A9 generated against the cell wall protein of A. fumigatus in the present study not only was capable of reducing CFU in a focal organ, the kidney, in experimental mice (Fig. 8) but also enhanced the MST significantly (P Ͻ 0.001) compared to negative controls as well as to animals treated with irrelevant MAb against C. albicans (Fig. 9) . These results were in agreement with the in vitro findings, where a 94.8% reduction in CFU (about 60% cell death in FACS analysis) was observed against spores of A. fumigatus, followed by A. niger DSM 2182, A. terreus DSM 826, and A. flavus (Fig. 4) . However, no such effect was observed against the other clinical isolates (Candida albicans ATCC 10231, C. krusei ATCC 6258, C. parapsilosis ATCC 22019, Cryptococcus neoformans ATCC 66031, Sporothrix schenckii, and Trichophyton mentagrophytes), thereby indicating the specificity of MAb A9 for the species of Aspergillus tested.
The efficacy of any particular MAb depends on several variables, such as the characteristics of the targeted antigen, its function, and its cell surface density, as well as characteristics of the MAb, including specificity, avidity, and isotype (1). When a fungal spore germinates, it produces a hypha, which in turn grows by increasing in length through the accumulation of newly formed substances on the hyphal wall (8) . During growth phase, galactomannan is incorporated into the fungal cell wall (12) . In the present study, MAb A9, which was produced and identified as MAb IgG1 by using an isotyping kit, was directed against a proteinaceous epitope of a glycoprotein of Ͼ95 kDa as proved by glycoprotein PAS staining and deglycosylation experiments (Fig. 2) . The cell surface characteristics of resting conidia are altered during swelling and germination, and this modification leads to the changes in the inner wall molecules (40) . MAb A9 could enhance the time required for germination (Fig. 6) , thus indicating that MAb A9 may have stopped or at least reduced the modification in the inner wall structure, which is crucial for fungal development to some extent.
Immunofluorescence microscopy with fluorescein isothiocyanate-conjugated secondary anti-mouse IgG revealed that the epitope is uniformly distributed over the entire surface of germinating hyphae as well as over the swollen conidia (Fig. 1) . Complement collections and antibodies promote attachment (opsonization) and identification of fungi by various receptors (34) . In this study, MAb A9 uniformly opsonized the cell surface and was found to be protective in an experimental murine model of invasive aspergillosis. This was supported by the results of phagocytosis assays, where an increased number of A. fumigatus conidia exposed to MAb A9 were engulfed by macrophages (Fig. 7) .
The in vitro and in vivo results of this study also show that MAb A9 binds with this antigen and blocks its functions, resulting in a reduction in growth. This antibody was found to have therapeutic efficacy in a murine model of invasive aspergillosis, and immunoblotting performed with pooled sera and MAb A9 (Fig. 2) identified the same protein band that was common between the two, showing that this protein induced an immune response in humans as well. Hence, it might be protective against A. fumigatus infection in humans. Currently there are a considerable number of reports in the literature on the production of MAbs against Aspergillus species, although in most cases these antibodies showed cross-reactivity with other pathogenic fungi (13, 18) .
By enhancing the immune response of immunocompromised hosts, antifungal resistance can be reduced. The specific interactions between monoclonal antibodies and fungal cell wall molecules have many important implications; for example, it has been proved that antibodies play an important role in setting the initial host defense against fungi and can be protective against fungal infections. The therapeutic efficacy of antifungal agents is limited without the help of host immune reactivity (3, 35) . In conclusion, MAb A9 may be beneficial as an immunoprobe for recognition of epitopes responsible for the shared antigenicity of fungal glycoproteins, for examining their expression during hyphal and conidial morphogenesis, and for immunotherapy against A. fumigatus infections in particular and aspergillosis in general. 
